67
The available approaches range from trajectory-based analyses (Kennedy et al. 2007 ; D r a f t 6 size are felled. Thus, it is a major challenge to detect the spatial extent of logged forests 88 just a year or so following disturbance using Landsat-type satellite data due to the 89 spatial resolution . Thus, to understand changes in forest structure,
90
we need a technique to detect such small-scale disturbances caused by selective logging.
91
Many researchers have attempted to detect selective logging disturbances using Landsat 92 images of the tropics. Asner et al. (2002) used Landsat reflectance and texture data to 93 map selective logging operations. They showed that a part of the logging operations (i.e.
94
the log deck) was visible, but other operations, such as skid trails or tree falls, were not.
95
To overcome problems associated with conventional processing techniques, several 96 studies utilized Spectral Mixture Analysis (SMA), such as Carnegie Landsat Analysis
97
System (Asner et al. 2005; Asner et al. 2006) or Normalized Difference Fraction Index 98 (Souza et al. 2005 ) for multitemporal and time series Landsat images (Souza et al. 2013; 99 Hirschmugl et al. 2014; Shimabukuro et al. 2014) 
Methods

196
The approaches and methods followed in this study are described in the achieved the highest score were determined to be the best (Table 2) .
257
The threshold value to identify disturbance segments was set by choosing the 
Results
324
Attribution of disturbance agents
325
The validation samples yielded an overall accuracy of 83.0% for disturbance 326 and no-disturbance pixels (Table 3 ). The omission error for the no-disturbance pixels 327 was 3.8%, which was smaller than the commission error (18.7%). Omission and 328 commission errors for the entire time series were 31.1% and 14.3%, respectively (Table   329 3). Most of the omission errors of disturbance resulted from samples omitted to the 
